Objective Large population studies have shown that low back pain affects about 50% of pregnant women. The aim of this study was to determine whether the use of the BellyBra Ò in pregnant women with back pain is associated with changes in assessments of pain severity, physical activity and satisfaction with life after 3 weeks of intervention compared with tubigrip, a more generic form of support.
Introduction
Studies have shown that approximately 50% of women experience low back pain during their pregnancy, and in many of these women, the pain is a severe problem compromising daily life. [1] [2] [3] [4] Back pain in pregnancy can cause substantial distress and disruption of function, interfering with sleep, work and capacity to carry out daily activities. In 25% of pregnant women with low back pain, the pain is very serious, while a further 8% have severe disability. 3 This condition accounts for most of the sick leave among pregnant women and is also reported to reduce health-related quality of life. 4 Indeed, a systematic review of physical therapy for pregnancyrelated back pain concluded that the prevention and treatment of this condition 'would have considerable implications for the women themselves and for society in terms of quality of life, public health costs and productivity', 4 making this an area of great research need.
In one of the most comprehensive and reliable investigations of the prevalence of back pain in pregnancy, a prospective study of 855 women in Sweden in 1991, a 9-month period prevalence of 49% and a point prevalence of 22-28% were reported. 2 This prevalence is higher than the expected lifetime prevalence of back pain of 20-25% identified in nonpregnant women. 5, 6 However, the prevalence of pregnancy-related back pain has been reported to vary from 3.9 to 89.9% in 28 studies 1,2,7-31 included in a systematic review by Wu et al. 3 of the clinical presentation, prevalence and terminology of pregnancy-related back pain. This is probably due to the variety of terms used to define pregnancy-related back pain and the unclear diagnostic criteria. Indeed, a recent editorial in the BMJ 32 identified the need to classify back pain in pregnancy to understand better its origins and prevalence and to design more effective prophylactic and treatment interventions. The most significant attempt to define pregnancy-related back pain was made by Albert et al. 33 in a study involving 1460 women in Denmark. They identified two broad categories: the first being pain arising from the area of the lumbar spine and the second being pelvic joint pain manifesting distal and lateral to the fifth lumbar vertebra. Pelvic, or sacroiliac, joint pain can be classified into pelvic girdle syndrome (pain in both sacroiliac joints and in the symphysis pubis), double-sided sacroiliac syndrome (with or without radiation in the sciatic distribution) or one-sided sacroiliac syndrome (again with or without radiation). Of these women, about one-half had posterior pelvic pain, one-third low back pain and one-sixth both conditions combined. 3 There are two systematic reviews of trials investigating treatments for back pain in pregnancy that can be used to guide current knowledge. A Cochrane review by Young and Jewell 34 of three randomised controlled trials [35] [36] [37] found that water gymnastics, acupuncture and use of a specially designed pillow were beneficial. The reviewers commented that physical therapy treatments may be more effective when given individually rather than in group sessions. The stability of the pelvic girdle is thought to be provided, in part, by the texture and shape of the sacroiliac cartilage (form closure) and, in part, by the compressive forces of muscles, ligaments and the thoracolumbar fascia (force closure). 38 Research has shown that poor muscle function in the back and pelvis at the beginning of pregnancy is related to severe pain and disability throughout pregnancy. 39 Indeed, many hypotheses correlate the pathogenesis of peripartum pelvic pain with decreased stability of the pelvic girdle, giving rise to a number of trials of physical therapy interventions aimed to improve the stability of the pelvic girdle and thereby relieve symptoms of pain and disability. The second systematic review by Stuge et al. 4 considered nine randomised and nonrandomised trials 35, 37, 38, [40] [41] [42] [43] [44] [45] of physical therapy and was unable to extend the conclusions of the Cochrane review due to the heterogeneity in the design of the trials.
The primary aims of the present study were to determine whether the use of the BellyBra Ò (study device; T&J Designs Inc., Lakewood, CO, USA) during the second half of pregnancy is associated with changes in visual analogue scale (VAS) assessments of the severity of low back and posterior pelvic pain and in Likert scale scores of the influence of pain on predefined physical activities after 3 weeks of use. The secondary aims were to assess whether the study device is associated with changes in Satisfaction With Life Scale (SLWS) scores and in the use of additional treatments for back pain, including analgesic medication. The use of tubigrip was implemented as a control.
Methods
A randomised controlled trial was conducted to evaluate the impact of the BellyBra Ò on back pain severity, associated functional impairment and satisfaction with life. The Human Research Ethics Committee at The Royal Women's Hospital, Melbourne, Australia, approved the trial, and it was formally registered with the Australian Clinical Trials Registry in September 2005 (registration number ACTRN-012605000270617). The study was conducted using CON-SORT criteria.
The BellyBra Ò (Figure 1 ), a nylon/spandex undergarment worn like a vest, has a one-way stretch panel across the thoracolumbar back that is designed to provide support and, assisted by the involvement of shoulder straps, to improve posture. A wide elastic band sits below the abdomen supporting the uterus and lifting weight off the pelvis. Tubigrip ( Figure 2 ) is a more generic form of support and is common practice for the treatment of pregnant women with back pain at several Australian hospital sites. Tubigrip is worn as a double layer and extends from the mid-thoracic spine to the sacral spine and pelvis. The product available through the Department of Physiotherapy was Tubular-Form Natural. Women between 20 and 36 weeks of pregnancy presenting at the antenatal clinics of The Royal Women's Hospital with lumbar back pain or posterior pelvic (sacroiliac joint) pain were invited to participate in the trial, which was carried out between July and December 2005. Diagnosis and classification of the pain was based on an oral history and on the patient's localisation of their pain on a visual back chart. Women with high back pain or symphysiolysis but with no concomitant lumbar back or posterior pelvic pain were excluded from the trial. Women were also excluded if their pregnancy was complicated or if they were non-English speaking. Following written informed consent, participants were randomised to the study device or to the control by means of computergenerated numbered, sealed, opaque envelopes. The women were fitted with the appropriate size of garment, instructed on how to wear the garment and informed that they could choose the frequency and duration of wear.
Upon enrolment, each participant completed a baseline questionnaire including background information, back pain history before and during the pregnancy and usage of treatments for pain. Participants rated the severity of their back pain on a VAS of 0 to 10, where 0 denotes no pain at all and 10 the worst pain ever in life. There was an assessment on a Likert scale of 0 (never affected) to 10 (always affected) of the influence of pain on six defined kinds of physical activitiessleeping, getting up from a sitting position, sitting down, sitting, walking and working-and, overall, on their daily lives. There was an evaluation of life satisfaction using the SLWS.
The participants completed a follow-up questionnaire containing the same outcome measures of pain severity, physical activities and satisfaction with life at the completion of the 3-week study period on a return visit to the antenatal clinic. The women were asked if they used any other treatments for their back pain during the trial (including analgesic medication), how much they wore the garment and their overall impression of its usefulness.
The primary outcomes were differences in VAS and Likert scale scores between the study device and control groups at follow up. The VAS has been used in previous studies investigating changes in pain and, specifically, in all the randomised trials of interventions for back pain in pregnancy included in or published since the Cochrane and systematic reviews. [35] [36] [37] [38] 44, 46, 47 It is thus the most validated and reliable method of assessing the impact of the study device on pain severity. A Likert scale was used to assess the impact of pain on six important daily physical activities. This methodology has been used in a previous randomised trial evaluating acupuncture as a treatment of back pain in pregnancy. 47 The secondary outcomes included the differences between the study device and control groups in SWLS scores at follow up. (The SWLS is a 5-item questionnaire formulated by Diener et al. 48 in 1985 to measure life satisfaction as a cognitive-judgemental process.) The use of other treatments for back pain such as analgesic intake was also considered in the secondary outcomes.
It was calculated that a sample size of 37 women per cohort could detect a difference in VAS or Likert scale score of 1.0 between the study device and control groups, given a SD of 1.5 and a power of 0.80. Allowing for a loss to follow up of 30%, we planned to recruit 97 women into the study. The data collected were entered into a dataset and analysed using univariate and multivariate statistical techniques in Minitab. The data analysis was based on the intention-to-treat principle. Parametric data were analysed by comparing means of follow-up scores between the study device and control groups with the two-sample t test, while the Mann-Whitney U test was used for nonparametric data. The chi-square test or Fisher's exact test was used for analysis of discrete data. The Tukey-Kramer multiple comparison adjustment was used to calculate significance levels based upon the primary hypotheses in relation to VAS score and functional outcomes in between-group comparisons. A P value of 0.03 is considered statistically significant.
Results
One hundred and fifteen women consented to participate in the trial. Fifty-five women were randomised to the study device, and 60 women were randomised to the control. Forty-six of the 55 women in the study device group and 48 of the 60 women in the control group completed the trial. Twenty-one participants in total were lost to follow up as they either delivered within the study period or did not attend follow-up appointments and could not be contacted for follow up. Figure 3 summarises the study protocol. There was no significant differences between the study device and control groups in baseline data: age, height, weight, parity or gestational age (28.2 versus 29.2 weeks [P = 0.28] for the device versus control).
There was no significant correlation between the baseline and follow-up VAS scores (P = 0.22-0.89), and the process of randomisation was effective in producing the baseline groups with equivalent demographic variable outcomes at randomisation. Therefore, the between-group difference at follow up was the most appropriate method to analyse primary outcome, as had been planned during the sample size calculations. Table 1 summarises the changes in outcomes between the study device and control groups. After 3 weeks, mean VAS scores of pain severity were not significantly different between the groups in this outcome at follow up (P = 0.61). The study device group had a significant reduction compared with the control group in the impact of back pain on sleeping (3.4 versus 4.8, respectively; P = 0.007), getting up from a sitting position (4.2 versus 5.4, respectively; P = 0.02) and walking (3.3 versus 5.3, respectively; P = 0.001). However, there was no significant differences in sitting (4.0 versus 4.5; P = 0.30), sitting down (2.7 versus 3.7; P = 0.04) and overall impact (4.7 versus 5.6; P = 0.07) scores between the two cohorts. Follow-up SWLS scores did not differ significantly between the study device and control groups (23.1 versus 22.5, respectively; P = 0.80). Table 2 summarises the changes within the study device group. There was a significant reduction in VAS score (6.1-4.5; P = 0.001) and in the impact of back pain on sleeping, getting up from a sitting position, sitting down, sitting, walking, working and overall on daily activities (all P < 0.01) over the study period. However, there was no significant change in satisfaction with life score (25.0-23.1; P = 0.24). Table 3 summarises the changes within the control group. There was a significant reduction in VAS score (6.0-4.7; P = 0.003) and in the impact of back pain on getting up from a sitting position, sitting down and working (all P < 0.03) but no change in sleeping, sitting, walking and overall impact (all P > 0.05). There was no significant change in satisfaction with life score (25.5-22.5; P = 0.09).
Changes between groups

Changes within groups
Further outcomes
Upon completion of the trial, 11 women (23.9%) in the study device group and 23 women (47.9%) in the control group reported that they had used other treatments for their back pain during the study period (P = 0.03). Three of the former and 14 of the latter indicated the use of analgesic medication (P = 0.01). Other methods of treatment included physiotherapy, acupuncture, massage, osteopathy, yoga, exercise, heat packs, pillows and bedrest. In the study device cohort, of the 46 participants, 44 (95.7%) stated that they wore the garment at least once a week compared with 33 of the 48 (68.8%) in the control cohort (P = 0.003). Regarding the participants' overall impression of the usefulness of the study device, 36 (78.3%) stated that it was helpful or very helpful, 3 (6.5%) neither helpful nor unhelpful and 7 (15.2%) unhelpful or totally unhelpful. In the control group, 30 (62.5%) women indicated that the tubigrip was helpful or very helpful, 6 (12.5%) that it was neither helpful nor unhelpful and 12 (25%) unhelpful or totally unhelpful.
Discussion
Pain severity decreased significantly over the 3-week study period in both the study device and control groups. The study device was not found to be more effective than the tubigrip in 46 women with complete data 9 lost to follow up -2 delivered within the study period -7 failed to attend their follow-up appointment and could not be contacted 55 women randomised to the BellyBra 48 women with complete data 12 lost to follow up -3 delivered within the study period -9 failed to attend their follow-up appointment and could not be contacted 60 women randomised to tubigrip 115 women enrolled in the study relieving pain based on a VAS score. Whether this was because both the BellyBra Ò and tubigrip possess true efficacy or because one or both of the garments acted like a placebo is not known. However, the study device was significantly more effective than the control garment in reducing the impact of back pain on sleeping, getting up from a sitting position, walking and working. Furthermore, the study device significantly reduced the impact of back pain on all physical activities measured, whereas the control garment produced a level of significant improvement only for getting up from a sitting position, sitting down and working. This outcome must not be underestimated in its clinical relevance for pregnant women with back pain, for whom the condition is reported to be a severe problem compromising daily life in about onethird of cases. 1, 2, 42 It would appear that the VAS, being an instantaneous measure of pain, did not discriminate on the functional impact of the pain. There was no significant changes in satisfaction with life either between or within the study device and control groups. This result is not surprising, given that the SWLS has been shown to have high internal consistency and high temporal stability and to be negatively correlated with clinical measures of distress, anxiety, depression and momentary mood. 48 Life satisfaction and affective wellbeing are therefore not equivalent psychological constructs. Significantly, fewer women in the study device group compared with the control group used other forms of treatment, including analgesic medication, during the period of the trial. This supports the finding that the study device is a more effective stand-alone treatment. Decreased analgesic use is one of the most significant differences between the study device and control groups (3 of 46 in the study device group versus 14 of 48 in the control group). Although this is a secondary outcome, it is an important difference given the All outcome measures are Likert scores on a continuous scale from 0 to 10, except for the SWLS, which is a scale with a score from 0 to 35. 48 All outcome measures are Likert scores on a continuous scale from 0 to 10, except for the SWLS, which is a scale with a score from 0 to 35. 48 accumulation of data suggesting long-term negative consequences of analgesic drug use in pregnancy, on the offspring. [49] [50] [51] There was also a significant difference between cohorts in how frequently the participants wore the garments, with 95.7% of the study device group wearing the garment at least once a week compared with 70.2% of the control group. In the design of the trial, it was thought that tubigrip would be used as the control to eliminate an unbalanced placebo effect in the intervention cohort and a disappointment factor in the control cohort, whereby findings of significant efficacy could have been attributed to a placebo effect rather than to any real value of the study device itself. Thus, the BellyBra Ò was compared with tubigrip, a more generic form of support. However, tubigrip significantly reduced back pain severity and impact on certain physical activities. Where there was no significant improvement, tubigrip nevertheless appeared to halt the expected worsening of back pain over the pregnancy. Given that tubigrip has never before been subjected to any formal evaluation, it cannot be known from this study whether the observed outcomes of using tubigrip were due to a placebo effect or due to true efficacy. Nor can we know the size of the effect of the study device over no treatment. Perhaps, a true placebo, such as a camisole or singlet, with merely a perceived efficacy among participants would have been a more accurate control. This is a limitation of our study and a question that requires further research. It does not, however, detract from the evaluated benefit of the BellyBra Ò over tubigrip in a number of areas of functional status.
There was a relatively high loss to follow up (21 women in total). Five women delivered within the 3-week period. Of the remaining 16, some had moved away and others were unable to be interviewed at a clinic appointment 3 weeks later. All these women were sent a follow-up questionnaire at their given address (with a reply-paid envelope). If this did not lead to a reply, attempts were then made to contact them by phone. Only when all these attempts were unsuccessful, they were recorded as 'lost to follow up'. For those who delivered within our hospital and for whom data were available on the hospital electronic discharge system, there did not appear to be any distinguishing characteristics between the defaulters and those women who had completed their questionnaire.
The 3-week duration of the trial limits the scope of the study insofar as we could not evaluate the long-term effects of the study device, including its impact on pain and activity over the entire pregnancy, delivery and postpartum back pain and recovery. In most cases, women with low back pain during pregnancy recover within 1-3 months postpartum. 1, 2, 23 However, studies have found that recovery of low back and pelvic pain after pregnancy is often incomplete and may persist for years after childbirth. 8, 52 Moreover, pregnancy is a major risk factor in a primary care back pain population. Indeed, 10-20% of women with chronic low back pain associate its initial presentation with pregnancy. 49 Therefore, while it was not possible in the time frame of our study, it is important to evaluate interventions for pregnancy-related back pain also in terms of long-term effects. Furthermore, although this study assessed the impact of the study device on many activities of daily life, including work, it did not measure whether the study device reduced days of sick leave. We anticipated that statistical power would not have been sufficient for analysis of this outcome as some of the women were not in paid employment. Cohort size was also not sufficient for statistical analysis of the impact of the study device or control garment on low back pain compared with posterior pelvic pain over the study period. Given that the aetiology of back pain in pregnancy is poorly understood, clearly an important question is whether treatment interventions, such 
Conclusion
The present study is the first to formally evaluate the use of a lumbopelvic support garment to treat low back and posterior pelvic pain in pregnant women. Further research is needed to determine whether tubigrip has true efficacy or whether the observed outcomes are due to a placebo effect alone. The study device (BellyBra Ò ) can be recommended as a method of treatment for women presenting with low back or posterior pelvic pain during pregnancy.
